APPARATUS AND METHOD FOR IMAGE CODING USING TREE- 
STRUCTURED QUANTIZATION BASED ON WAVELET TRANSFORM 

BACKGROUND OF THE INVENTION 

1 , Field of the Invention 

The present invention relates to image coding for image signal 
compression, and more particularly, to an apparatus for image coding using tree- 
structured quantization based on a wavelet transfonn, 

2. Description of the Related Art 

In recent years, research into image coding methods using a wavelet 
transform has been very active in line with growing demands for wireless image 
communications related to multimedia applications and widespread Internet use. 
Here, the wavelet transform means a conversion in which a signal is reconstructed 
with a plurality of very simple basic functions. That is, the wavelet transform is a 
method in which data, functions, or operators are decomposed into different 
frequency components and a resolution and related component corresponding to 
each scale can be probed. Compared to the Fourier transform, the basic 
functions of the wavelet transform have a superior time-frequency localization. A 
process for wavelet-coding an image is formed of removing correlations in an 
image, quantizing sub-band coefficients, and entropy-coding of quantization 
coefficients. Since most of the energy is converged into the low-frequency band if 
an image is transformed into wavelet coefficients, many coefficients in the high- 
frequency band will have very little energy. Since these coefficients generate 
small errors, it is efficient to quantize these coefficients into '0' and to indicate their 
location information using correlations between sub-bands. 

Compression methods using the wavelet transform are divided into two 
groups: one group using a pixel-based zerotree, represented by an embedded 
zerotree wavelet (EZW) and the other group using a block-based compression 
method using vector quantization. The EZW uses a zerotree structure for 
compressing a coefficient map. A zerotree coding method is formed of a sorting 
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process with respect to size, a sorted bit plane transmitting process, and an 
insignificant coefficient prediction process using similarity between different scales 
in a wavelet transformed image according to a set partitioning sorting algorithm. 
The zerotree coding method shows good performance in compression ratio and 
picture quality and is capable of sequential image restoration. However, the 
structures of an encoder and decoder for the zerotree coding method are very 
complicated and computation is relatively complex. Also, the zerotree coding 
method is sensitive to an environment with much noise because the output bit 
stream always has a reverse order in the zerotree coding method. If a bit is 
damaged by noise, it may cause an error in the whole image signal because a 
vector and coefficients comprising the damaged bit are transmitted with the en-or. 

Meanwhile, the wavelet coding method using vector quantization has two 
approaches. In the first approach, each wavelet sub-band is divided into block 
units, and each sub-band is compressed through bit allocation using a different 
vector quantizer. In the second approach, pixels of the same spatial location in 
each sub-band are collected and converted into a vector and coded. In the 
second approach, a vector is generated traversing each sub-band and one 
codebook is generated during vector quantization. The vector quantization 
method needs a simpler structure and less computation, and has an error tolerance. 
However, the coding performance of the vector quantization is poor. The zerotree 
coding method and the wavelet vector quantization method have their respective 
merits and drawbacks. Therefore, a new image coding method which maximizes 
the merits of these methods is needed. 

SUMMARY OF THE INVENTION 
It is a first object of the present invention to provide an image coding 
apparatus which is based on wavelet vector quantization and uses correlations 
between sub-bands of wavelet coefficients used in a zerotree coding method so 
that coding performance can be improved. 
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It is a second object of the present invention to provide an image coding 
method performed in the image coding apparatus. 

In accordance with an aspect of the present invention, there is provided an 
apparatus for coding an image signal. The apparatus includes a wavelet 
5 transform unit for wavelet transforming an input image signal. A vector constmct 
unit constructs vectors, each having a tree structure in a different direction, using 
the wavelet transformed result. An error vector generation unit generates a 
plurality of error vectors by setting one of the vectors as a basic vector and 
performing a calculation on each of vectors remaining with respect to the basic 
10 vector. A scan unit for scans the coefficients of each of the basic vector and error 
vectors in a different direction. A first vector quantization unit generates a first 
S codebook for the basic vector scanned in the scan unit, quantizes the scanned 
5 basic vector using the first codebook, and outputs the quantization result as the 
^ index of the first codebook, A second vector quantization unit generates a second 
2i5 codebook for the error vectors scanned in the scan unit, quantizes the scanned 
O error vectors using the second codebook, and outputs the quantization results as 
O the indices of the second codebook. 

12 In accordance with another aspect of the present invention, there is 

5 provided a method for coding an image signal. According to the method, an input 
^0 image signal is wavelet transformed. A vector is constructed having a tree 
structure in the horizontal direction, in the vertical direction, and in the diagonal 
direction, using the wavelet transformed result. The diagonal direction vector is 
set as a basic vector and a plurality of error vectors are generated by performing a 
calculation on each of the horizontal direction vector and vertical direction vector 
25 with respect to the basic vector. The basic vector and en^or vectors are scanned 
according to different methods. A first codebook is generated for the scanned 
basic vector; the scanned data is quantized using the first codebook; and the 
quantization result is output as the index of the first codebook. A second 
codebook is generated for the scanned error vectors; the scanned data is 
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quantized using the second codebook; and the quantization results are output as 
the second and third indices of the second codebook. 

In accordance with still another aspect of the invention, there is provided 
another method for coding an image signal. An input 3-dimensional (3D) moving 
picture signal is wavelet transformed in a time region. The result of the wavelet 
transform is wavelet transformed in a spatial region. Vectors are constmcted such 
that each vector has a 3D tree structure, using the wavelet transformation results. 
One of the vectors, each having a tree structure, is set as a basic vector, and a 
plurality of error vectors are generated from the remaining vectors using the basic 
vector. The basic vector and error vectors are scanned according to different 
methods. The scanned basic vector and error vectors are quantized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects, features and advantages of the invention 
will be apparent from the more particular description of a preferred embodiment of 
the invention, as illustrated in the accompanying drawings in which like reference 
characters refer to the same parts throughout the different views. The drawings are 
not necessarily to scale, emphasis instead being placed upon illustrating the 
principles of the invention. 

FIGS. 1(a) and 1(b) are schematic diagrams of a typical wavelet transfomi 
apparatus. 

FIG. 2 is a schematic diagram illustrating the continuity of vector 
coefficients in wavelet transforming in the wavelet transform apparatus shown in 
FIG. 1. 

FIG. 3 is a schematic diagram illustrating the tree structure of vector 
coefficients in wavelet transforming in the wavelet transform apparatus shown in 
FIG. 1. 

FIG. 4 is a schematic diagram of an image coding apparatus using tree- 
structured vector quantization based on a wavelet transform according to a 
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preferred embodiment of the present invention. 

FIGS. 5(a) through 5(c) are schematic diagrams of various tree structures 
in a wavelet packet transform. 

FIGS. 6 and 7 are diagrams illustrating the results of the wavelet packet 
5 transform. 

FIG. 8 Is a schematic diagram illustrating a process for generating vector 
coefficients of a 3-dimensional wavelet transform, which is applied to the image 
coding apparatus shown in FIG. 4. 

FIG. 9 is a schematic diagram illustrating the spatial relations of vector 
10 coefficients in a 3-dimensional wavelet transform. 

FIG. 10 is a flowchart of a method for image coding by a 3-dimensional 
■ '^ wavelet transform. 

I DESCRIPTION OF THE PREFERRED EMBODIMENTS 

' ■ yi5 A typical wavelet transform will now be described before describing an 

: : D image signal coding apparatus according to the present invention. FIG. 1(a) is a 

: Q schematic diagram of a wavelet transform apparatus for decomposition and FIG. 

^ 1(b) is a schematic diagram of a wavelet transform apparatus for reconstruction. 

; ] u Referring to FIGS. 1(a) and 1(b), a wavelet transfonn represents a set of functions 

[ ; lizo which are obtained by scaling up/down the result of transition after transiting a 

basis function (x). WT(a, b), which is the result of wavelet transforming an 
arbitrary signal f(x), is expressed as the following equation 1 : 

WT(a,b) = 4- \w—nx)dx (1) 

Here, ^ denotes a mother wavelet, a denotes a size variable, and b 
25 denotes a transition variable. At this time, if a and b are real numbers and a is not 
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zero (a, be R, and 0), the transform is referred to as a continuous wavelet 

transform, and, if a and b are integers such that a=ao"^, b=nboao^, where m, ne Z, 

ao >1 , bo>0, the transform is referred to as a discrete wavelet transfomn. 'a' is for 
adjusting the size of the wavelet basis, and the transition variable b, which changes 
5 on a time axis, is for placing the wavelet basis at a desired location. If a is small, 
the wavelet basis takes a narrow region on the time axis, and takes a wider region 

on a frequency axis. Therefore, if 4^ is made to have a finer resolution in the high 

frequency band and to have a relatively lower resolution in the low frequency band, 
a sudden appearance of a high frequency component in continuous low frequency 
ii^io components can be easily processed. In an ordinary natural image, pixel values 
; y change slowly in a flat area and change rapidly in the edges of the image. 

Therefore, if the wavelet transfomn is used in image compression, the image signal 
;g can be compressed to the maximum with defining the edge of the image. 
1^ Compared to the wavelet transform having these advantages, it is difficult to 
= 15 process moving picture signals with the short time Fourier transform (STFT) 
: because the resolution of a time-frequency space in the SFTF is fixed. 

: ;f! Referring to FIG. 1(a), the wavelet transform apparatus for decomposition 

0 has high frequency band pass filters (Hi) 100 and 120, low frequency band pass 
filters (Ho) 105 and 125, and down-samplers 110, 115, 130, and 135. The high 
20 frequency band pass filter 100 passes the high frequency band of the image signal 
(x). The down-sampler 110 down-samples the signal output from the high 
frequency band pass filter 100 and outputs the down-sampled signal as a first 
decomposition signal (x1). For example, the output signal of the high frequency 
band pass filter 100 may be down-sampled so that sampling number is reduced by 
25 half. The low frequency band pass filter 105 passes the low frequency band of 
the image signal (x). The down-sampler 115 down-samples the signal output from 
the low frequency band pass filter 105 and outputs the down-sampled signal. 
Also, the high frequency band pass filter 120 and the low frequency band pass filter 
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125 pass the high frequency band and the low frequency band, respectively, of the 
output signal of the down-sampler 115 and output the filtered signals. The down- 
samplers 130 and 135 down-sample the output signals of the filters 120 and 125, 
respectively, and output the down-sampled signals. At this time, the output signal 
of the down-sampler 130 is a second decomposition signal (x2). The wavelet 
transform apparatus of FIG. 1 (a), though not shown specifically, is implemented so 
as to gradually decompose the low frequency band of the input image (x). 
Generally, to obtain a high resolution in the low frequency band of an image signal, 
it is preferable that the same filter structure be iteratively used for the low 
frequency band of the signal without decomposing the high frequency band of the 
signal, as shown in FIG. 1(a). Here, the iterative filter structure may be referred to 
as an iterated filter bank, and by implementing the iterated filter bank, the image 
signal is decomposed. Performing iterative decomposition for the low frequency 
band is to reduce the width of the low frequency band, and by doing so, a twice- 
higher frequency resolution can be obtained. Meanwhile, through the twice down- 
sampling in FIG. 1(a), the resolution of the time axis is reduced by half. The 
image signal decomposed from the original image signal (x) in FIG. 1(a) can be 
referred to as x1. x2, x3 respectively. 

Referring to FIG. 1(b), the wavelet transform apparatus for reconstructing 
images decomposed in FIG. 1(a) has up-samplers 140, 145, 170, and 175, high 
frequency band pass filters 150 and 180, low frequency band pass filters 155 and 
185, and adders 160 and 190. Although the apparatus of FIG. 1(b) has more 
band pass filters, up-samplers, and adders than shown in FIG. 1(b), FIG. 1(b) 
shows only a limited number of such devices In order to simplify the drawing. 

When it is assumed in FIG 1(b) that the decomposed image signals are x1, 
x2, x3, x2 may be the input signal of the up-sampler 140. That is, the up- 
sampler 140 up-samples the decomposed image signal (x2) and outputs the up- 
sampled result. For example, by inserting '0' or a predetermined bit between each 
sample values, the sampling number increases. By doing so, up-sampling is 
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performed. The high frequency band pass filter (d) 150 passes high frequency 
band of the output signal of the up-sampler 140. The up-sampler 145 up-samples 
a signal obtained from a decomposition signal (x3), and the low frequency band 
pass filter (Go) 155 passes the low frequency band of the output signal of the up- 
sampler 145. The adder 160 adds the output signals of the band pass filters 150 
and 155 and outputs the added signal. At this time, the first decomposition signal 
(x1) and the output signal of the adder 160 are input to the up-samplers 170 and 
175, respectively. The up-samplers 170 and 175 up-sample the respective input 
signals. The band pass filters 1 80 and 1 85 pass the high frequency band of the 
output signal of the up-sampler 1 70 and the low frequency band of the output 
signal of the up-sampler 175, respectively, and output the filtered signals. The 
adder 190 adds the output signals of the filters 180 and 185 and restores the 
original image signal (x). That is, in the apparatus of FIG. 1 (b), the decomposed 
signals (x1, x2, x3, ...) are reconstmcted and the original image signal (x) is 
restored. 

As shown in FIGS. 1(a) and 1(b), a wavelet transform apparatus can 
readily be implemented using an iterated filter bank, which has an advantage in 
that the computation amount of the apparatus is proportional to the number of 
inputs regardless of the frequency of iteration. The wavelet transform in FIGS. 
1(a) and 1(b) is for a one-dimensional signal. If the wavelet transfonn is applied 
to a two-dimensional image, a horizontal iterated filter bank and a vertical iterated 
filter bank should be separately implemented. 

FIG. 2 is a schematic diagram illustrating the continuity of vector 
coefficients in wavelet transfomiing and shows wavelet transforming an image 
signal to three levels. That is, in an image wavelet transformed to three levels, 
each wavelet transfomned image coefficient is formed of coefficients having the 
characteristic of each band. Referring to FIG. 2, HL3 in the third level, HL2 in the 
second and HLi in the first level indicate bands, each having a low frequency 
characteristic in the vertical direction and a high frequency characteristic in the 
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horizontal direction. 

Also, LL3 is a band having a low frequency characteristic both in the horizontal 
direction and in the vertical direction, and shows a band characteristic having the 
greatest energy. HH3, HH2, and HHi indicate bands having high frequency 
characteristics both in the horizontal and vertical directions. LH3, LH2, and LHi 
indicate bands having a high frequency characteristic in the vertical direction and a 
low frequency characteristic in the horizontal direction. Therefore, if the low 
frequency band of a signal is decomposed by the decomposition method of FIG. 
1(a), the characteristics of wavelet coefficients as shown in FIG. 2 appear. 

Referring to FIG. 2, reference numbers 20a and 20b show the same band 
characteristics in the vertical direction, reference numbers 22a and 22b show the 
same band characteristics in the horizontal direction, and 24a and 24b show the 
same band characteristics in the diagonal direction. As this, wavelet transfomied 
coefficients have continuity in the horizontal direction, vertical direction and 
diagonal direction, and have different characteristics. This feature is used in 
compressing an image by the wavelet transform, and low energy coefficients are 
discarded and high energy coefficients are selected. Therefore, when a vector is 
fomned with these coefficients, a scanning method appropriate to the band 
characteristics is adopted. 

FIG. 3 is a schematic diagram for illustrating characteristics of inter-sub-band 
wavelet coefficients of a wavelet transformed signal. Referring to FIG. 3, the 
wavelet coefficients can be expressed in a tree structure with respect to the 
correlations between sub-bands. 

As shown in FIG 3, the coefficients in the upper band have spatial 
correlations with the coefficients in the lower band. If the coefficient values in the 
upper band are greater than a predetermined threshold value, the probability that 
the coefficient values in the lower band, which are in the same spatial location as 
the coefficients in the upper band, are greater than the predetermined threshold 
value, is high. Also, three trees^ which start from the tree root in the highest level. 
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have similar characteristics. At this time, vector coefFicients in each level increase 
by four times. Since coefficient values contained in one tree start from the same 
tree root, from which other coefficient values contained in the other two trees of the 
three trees, the other two trees can be predicted using the first tree. Therefore, 
only coding the errors of the prediction maximizes the coding efficiency. 

FIG. 4 is a schematic diagram of an image coding apparatus using tree- 
stnjctured vector quantization based on vector quantization according to the 
present invention. Referring to FIG. 4, the image coding apparatus has a wavelet 
transform unit 400, a vector construct unit 410, a basic vector selection unit 420, a 
subtracter 430, a first scan unit 440, a second scan unit 450, a first vector 
quantization unit 460 and a second vector quantization unit 470. The image 
coding apparatus of FIG. 4 is also applied to 2-dimensional (2D) wavelet transform, 
3-dimensional (3D) wavelet transform and 2/3D wavelet packet transform. 

The wavelet transform unit 400 wavelet transforms an input image signal 
(IN), through a 9/7 bi-orthogonal filter, to a predetermined level in a spatial region 
(in 2D wavelet transform) or in a time region and in a spatial region (in 3D wavelet 
transform). Here, 9 and 7 denote the number of coefficients of the bi-orthogonal 
filter. For example, an image signal can be transformed to five levels. At this 
time, the wavelet transformed result is output as coefficients having different band 
characteristics. Referring to FIG. 2, the highest level among the wavelet 
transformed results, that is, LL band, which shows a low frequency characteristic in 
the horizontal direction and vertical direction, has information visible to the eye. 
Therefore, many bits are assigned to the highest level band and quantized by a 
unifomn quantizer (not shown). In the wavelet transform unit 400, for a 2D image, 
wavelet transform is performed in the horizontal direction and vertical direction in 
the spatial region and, for a 3D image, wavelet transform is performed in the time 
region and the spatial region. 

Receiving signals in each band output from the wavelet transform unit 400, 
the vector construct unit 410 constructs vectors, each having a tree structure in a 
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different direction. Each vector constructed in the vector construct unit 410 forms 
a tree in the horizontal direction, in the vertical direction, and in the diagonal 
direction, respectively. At this time, since these vectors have parent-children 
relations between sub-bands, coefficients constructing the vectors have similar 
characteristics. That is. In a tree stmcture in the same direction, the 
characteristics of coefficients in a lower band are similar to the characteristics of 
coefficients in an upper band. 

The basic vector selection unit 420 selects a vector which has a 
predetermined direction among vectors constructed in a tree structure by the 
vector construct unit 410, preferably a vector of a diagonal direction, as a basic 
vector (VEC1). 

The subtracter 430 subtracts the remaining vectors, except the basic vector, 
from the basic vector (VEC1), which is selected by the basic vector selection unit 
420, and outputs the subtracted results as en-or vectors (EV1 and EV2). That is, 
the results output from the subtracter 430 can be regarded as errors obtained to 
predict vectors from the basic vector (VEC1 ). Although the subtracter 430 is used 
in the embodiment In FIG. 4, an adder can also be used to obtain error vectors 
(EV1 and EV2), by adding the horizontal and vertical vectors (VEC2 and VEC3) to 
the basic vector (VEC1). 

The first scan unit 440 zigzag scans the basic vector (VEC1) in the 
diagonal direction, considering the continuity of coefficients. The second scan unit 
450 scans the errors vectors (EV1 and EV2) in the horizontal direction and in the 
vertical direction, respectively, considering the continuity of coefficients. Therefore, 
in a sub-band, a low-high (LH) band is scanned in the vertical direction, a high-low 
(HL) band Is scanned In the horizontal direction, and a high-high (HH) band is 
scanned in the diagonal direction. At this time, scanning Is sequentially peribmied 
In each band so that a vector is constmcted. By doing so, the continuity of 
neighboring coefficients in a vector can be improved. In the present invention, 
spatial correlation is between each band and frequency correlation is inside each 
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band. Therefore, in the present invention, vectors can be combined so that the 
oharacteristics of wavelet coefficients in a time-frequency region can be maximized. 

The first vector quantization unit 460 generates a first codebook for the 
basic vector (VEC1) scanned in the first scan unit 440, quantizes the basic vector 
(VEC1 ) using the first codebook, and outputs the quantization result as a first index 
(INDEX1) of the first codebook. Here, the codebook may be defined as a lookup 
table for a plurality of image patterns. In vector quantization, the codebook is 
formed of a series of representative vectors which can frequently occur in an image 
signal. 

The second vector quantization unit 470 generates a second codebook for 
the error vectors (VEC2 and VEC3) scanned in the second scan unit 450, 
quantizes the error vectors {VEC2 and VEC3) using the second codebook, and 
outputs the quantization results as a second index and a third index (INDEX2 and 
INDEX3). Here, since the second codebook is to indicate the errors of the 
horizontal direction vector and vertical direction vector (VEC2 and VEC3), the size 
of the second codebook can be reduced compared to a conventional codebook. 
Here, vector quantization performed in the first vector quantization unit 460 and the 
second vector quantization unit 470 can be refen-ed to as a loss compression 
method and randomly sets an initial vector. In generating a codebook, the Linde- 
Buzo-Gray (LBG) algorithm is used. In the present invention, the number of bits 
assigned to a codebook to quantize a vector can be different in the first vector 
quantization unit 460 and the second vector quantization unit 470. 

Although not shown specifically, the first index (INDEX1), the second index 
(INDEX2), and the third index (INDEX3), generated in the image coding apparatus 
of FIG. 4, are no-loss compressed by arithmetic coding and then transmitted. 

The operation of the coding apparatus of FIG. 4 and the coding method 
thereof will now be described in more detail. First, it is assumed that wavelet 
transfomi performed in the wavelet transfomri unit 400 is performed to the five 
levels. After wavelet transform, the wavelet transformed result is constructed into 



SAM-0289 



12 



a vector having a tree structure in thie vector construct unit 410. At this time, a 
tree is formed in the horizontal direction, in the vertical direction, and in the 
diagonal direction, and one vector is formed of 341 coefficients 
(1+4+16+64+256=341). Tree-structured vector coefficients starting from one tree 
root have boundary information on the horizontal direction, vertical direction, and 
diagonal direction, and are similar to each other because the trees start from the 
one tree root. That is, if a first tree is fonned of coefficients having high energy, it 
is highly probable that the remaining two trees have coefficients having high energy 
similar to the first tree, although the continuity of coefficients is different, and the 
distribution of energy Is similar in each of the trees. Therefore, one tree among 
the three trees is selected and set as a reference tree, and the remaining two trees 
are used to obtain errors which will be used In prediction from the selected 
reference tree. In the present invention, the vector in the diagonal direction is set 
as a basic vector (VEC1), and error vectors (EV1 and EV2) are generated by 
subtracting the vectors of the vertical direction and horizontal direction (VEC2 and 
VEC3), respectively, from the basic vector (VEC1). 

The basic vector (VEC1) is zigzag scanned in the first scan unit 440 and 
the en-or vectors (EV1 and EV2) are scanned In the second scan unit 450 in the 
horizontal direction and in the vertical direction, respectively. The first vector 
quantization unit 460 generates a first codebook for the scanned basic vector 
(VEC1), and the second vector quantization unit 470 generates a second 
codebook for the scanned error vectors (EV1 and EV2). Therefore, the results of 
vector quantization are output as the first index (INDEX1 ) of the first codebook, and 
the second index (INDEX2) and the third index (INDEX3) of the second codebook. 

For example. If 8-blt image data Is input and wavelet transformed to five 
levels, 2728 bits are needed in coding 341 pixels. However, the first and second 
vector quantization units 460 and 470 can achieve high compression efficiency by 
coding Image data with one index. That is, without performing Huffman coding or 
arithmetic coding, which are no-loss compression methods, 1/10 compression can 
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be achieved with 2 codebooks. Vector quantization can be perfornned through 
a process of training the vectors scanned in the first scan unit and the second scan 
unit 440 and 450 and codebook vectors included in the first codebook and the 
second codebook, that is, a continuous comparison process. 

Accordingly, the image coding apparatus using wavelet transform 
according to the present invention can be applied to a 2D or a 3D packet transform. 
First, wavelet packet transform is a more generalized method than wavelet 
transform. By selecting a basis appropriate to the time-frequency characteristics 
of an image among a plurality of wavelet bases, efficient decomposition is enabled. 
However, in wavelet packet transforming, computation for finding an optimized 
wavelet packet basis is added and an efTicient search algorithm is required. 
Referring to FIG. 4, a function for performing an efficient search algorithm is added 
to the wavelet transform unit 400. 

FIGS. 5(a) through 5(c) are schematic diagrams of various tree structures 
in wavelet packet transforming. FIG. 5(a) shows ordinary wavelet transform, FIG. 
5(b) shows arbitrary wavelet packet transform, and FIG. 5(c) shows full sub-band 
packet transform. 

Referring to FIGS. 5(a) through 5(c), wavelet packet transform is different 
from ordinary wavelet transform in fonning a tree. That is, in wavelet transfonn in 
FIG. 5(a), a vector is constructed with coefficients in neighboring sub-bands by the 
correlations between parent-children coefficients. However, in wavelet packet 
transform, as shown in FIGS. 5(b) and 5(c), vectors adaptively change according to 
the result of wavelet packet transform. Therefore, a tree structure, which is 
fomned by the wavelet packet transform, has no regular direction, and has an 
adaptive stmcture. That is, although the wavelet transfonn according to the 
present invention has a different tree stmcture when applied to wavelet packet 
transfonn, the vector quantization method of FIG. 4 is equally applied to the vector 
obtained by the wavelet transform and therefore efficient coding is enabled. 
Although FIG. 5 shows a 2D wavelet packet transform, the wavelet transform 
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according to the present invention can be applied to a 3D moving picture, which is 
to be described. 

FIGS. 6 and 7 are diagrams Illustrating the results of the wavelet packet 
transform, FIGS, 6(a) and 7(a) are original images, and FIGS. 6(b) and 7(b) are 
respective wavelet packet transformed images. Here, images of FIGS. 6(b) and 
7(b) show the results of wavelet packet transformation when an image is coded at 
0.5 bits per pixel (bpp). 

The wavelet transform according to the present invention can be applied to 
a 3D moving picture as well as a 2D image. 

FIG. 8 is a schematic diagram illustrating a process for 3D wavelet 
decomposition. In particular, FIG. 8 shows 2-level 3D wavelet decomposition. 
That is, in the 3D wavelet decomposition applied to a 3D moving picture, similarity 
between frames is high and most time energy is concentrated on the low frequency 
band. Therefore, much spatial surplus exists in the temporal high frequency band. 
In the 3D wavelet transform, time wavelet decomposition is performed and then 
spatial wavelet decomposition is performed. Referring to FIG. 8, Ht and Lt 
indicate the results decomposed in a time region. Ht denotes a temporal high 
frequency sub-band and Lt denotes a temporal low frequency sub-band. Also, 
Hh/Lh and Hv/Lv indicate the results decomposed in a spatial region. Hh/Lh 
denotes a horizontal high frequency/low frequency sub-band and Hv/Lv denotes a 
vertical high frequency/low frequency sub-band. 

Referring to FIG. 8, an image signal is first decomposed into a high 
frequency band (Ht) and a low frequency band (Lt). At this time, the temporal low 
frequency band (Lt) is again decomposed into a high frequency band and a low 
frequency band and then spatial decomposition is performed. The temporal low 
frequency band (Lt) is decomposed into a spatial horizontal high frequency band 
(Hh) and a spatial horizontal low frequency band (Lh). As described above, the 
horizontal low frequency band (Lh) in the spatial region is decomposed into a 
vertical high frequency band (Hv) and a vertical low frequency band (Lv) and then 
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horizontal decomposition is again performed for the vertical low frequency band. 
This process is iterated to a predetennined level and a coefficient (1) in the lowest 
frequency band is generated. Also, referring to FIG. 8, the temporal high 
frequency band is also decomposed horizontally and vertically. 

Although the temporal wavelet decomposition for the two levels is shown in 
FIG. 8, the image signal can be decomposed by various methods. Also, the 
higher the temporal similarity is, the more energy the 3D wavelet decomposition 
can concentrate on the low frequency band. 

FIG. 9 is a schematic diagram illustrating the spatial relations of coefficients 
in a 3-dimensional wavelet transform. Refen^ing to FIG. 9, the spatial region 
formed by axis x and axis y and the time region by axis t are shown in a 3D region. 
That is, S-HH shows a high frequency band characteristic in the horizontal direction 
and vertical direction in the spatial region, and S-LH shows a low frequency band 
characteristic in the horizontal direction and a high frequency band characteristic in 
the vertical direction. Also, S-HL shows a high frequency band characteristic in 
the horizontal direction and a low frequency band characteristic in the vertical 
direction in the spatial region. S-LL shows a low frequency characteristic In the 
horizontal direction and vertical direction. 

FIG. 10 is a flowchart illustrating an image coding method by 3D wavelet 
transform. Referring to FIGS. 8 through 10, the image coding method by 3D 
wavelet transform will now be described in more detail. 

First, a 3D image signal is wavelet transformed in the time region in step 
900. After wavelet transforming in the time region, wavelet transform is performed 
in the spatial region in step 910. At this time, according to the result of wavelet 
transformation in the time and spatial region, a 3D tree-structured vector is 
constructed in step 920. Referring to FIG. 9, in the tree structure fomied in the 
spatial and time region, reference number 90 indicates the highest level. That is, 
by applying 3D wavelet transform to the 2D tree structure in a 2D image, the 2D 
tree structure is extended to the 3D tree structure. Therefore, the number of trees 
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increases to 7 from 3. While the number of children coefficients stemming from a 
parent coefficient may be 4 in a 2D wavelet transform, the number increases to 8 
when a 3D wavelet transform is applied. For example, when a 5-level 3D wavelet 
transform is performed, 4681 coefficients construct one vector. As described 
5 above, among the whole 7 vector trees, one basic vector is set and the remaining 6 
trees are generated as error vectors in step 930. The number of error vectors 
increases compared to a 2D wavelet transform. The basic vector and error 
vectors are scanned in an appropriate direction considering the continuity of 
coefficients in step 940. Also, since in the scanning process a plurality of images 
10 form a sub-band, the scanning is performed 3-dimensionally depending on the 
location of a sub-band, which a person skilled in the art can easily predict. At this 
5J time, each of the scanned basic vector and error vectors is quantized by the vector 
■ D quantizer and output as the index of the con-esponding codebook in step 950. 
j: That is, in the vector quantization step, the number of codebooks increases 

^ ^5 as the number of coefficients forming vectors increases. However, the increase in 
; O the number of the codebooks is smaller than the increase in the number of the 
h coefficients. Therefore, the 3D coding method is more efficient than the 2D 
; 57 coding method. Also, when the index of a codebook generated in the vector 
1=^ quantization step is transmitted, the receiving side selects a vector corresponding 
\ to the index so that the original image can be restored. 

Preferred embodiments of the present invention are described in the 
drawings and specification, and though specific terminologies are used here, these 
are only to explain the present invention. The present invention is not restricted to 
the above-described embodiments and many variations are possible within the 
25 spirit and scope of the present invention. The scope of the present invention is 
not detennined by the description but by the accompanying claims. 

According to the present invention, codebooks are generated using 
correlations between sub-bands of wavelet coefficients, which are used in the 
zerotree coding method, based on wavelet vector quantization. By doing so, the 
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size of a codebook can be reduced and coding efficiency is improved so tliat the 
compression ratio can be enhanced. Also, In the coding method according to the 
present Invention, wavelet transfomn is applied to the 2D packet transfomi and the 
3D transform so that a high compression ratio and high quality images can be 
provided. 
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